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Disturbances to the Supply Chains of High-Value Manufacturing Firms: Comparison of 




We draw on the literature to categorise the supply chain disturbances (risks and uncertainties) 
that affect high-value manufacturing (HVM) firms when adopting the following two sourcing 
strategies: (a) insourcing/nearshore outsourcing, and (b) outsourcing/offshoring. We build a 
hierarchy structure of disturbances, which was tested in a case study of a European HVM 
operating in the aerospace industry. A novelty of this study is the quantitative prioritisation 
and comparison, using the analytic hierarchy process (AHP) method, of the disturbances 
reported by two groups of managers: three product managers (internally facing) and four 
supply chain managers (externally facing). Our findings show that managers’ perceptions of 
firm-related, network-related and location-related disturbances can be prejudiced by their 
functional boundaries. We show that both product and supply chain managers prefer the 
insource/nearshore outsource strategy, as they feel that the disturbances while 
outsourcing/offshoring are significantly greater and offset the benefits of low-cost production 
– a counterintuitive finding. Through in-depth interviews with both groups of managers, we 
found the mitigation strategies are reshoring, full consideration to the total cost of acquisition 
(including hidden costs of distant operations) and building clusters in emerging markets to 
support the firm’s regional hub by partnering with its existing suppliers from developed 
countries.  
 
Keywords: High-Value Manufacturing, Disturbance Factors, Insourcing, Outsourcing, 
Offshoring, Strategic Sourcing 
 
1.0 Introduction  
Decisions on where to locate geographically have in the past primarily been based on 
quantitative cost measures, without due consideration being given to other important factors, 
such as disturbances internal and external to the supply chain (Tate et al. 2009, Huq et al. 
2016). The trend towards outsourcing and, in particular, offshore manufacturing has 
increased firms’ vulnerability to a range of supply chain disturbances, such as hurricanes, 
earthquakes and political instability, as well as economic factors, such as wage inflation in 
lower-cost countries (Christopher and Holweg 2011, Wagner and Neshat 2012). Also, in the 
West, political pressures have recently arisen to bring jobs back from overseas, termed 
‘reshoring’ (Tate 2014). This is leading multi-national companies (MNCs) to focus on 
coordination of the supply network and re-evaluate their supply chain sourcing strategies. 
Managers are weighing the relative costs and benefits of remote outsourcing/offshoring 
(where parts of the supply chain are transferred outside the parent firm’s national borders and 
the site is comparatively remote) and of insourcing/near-shore outsourcing (where 
sourcing/manufacturing activities take place in or near the country of origin).  
High-value manufacturing (HVM) firms are usually MNCs with some distinct 
characteristics. As Martinez et al. (2008, p. 5) explain: ‘HVM firms do not compete primarily 
on cost. Instead they deliver value for one or more of their stakeholder groups by contracting 
for capability, delivering product/service innovation, establishing process excellence, 
achieving high brand recognition and/or contributing to a sustainable society.’ HVM firms 
generate not only sustainable profits but also higher value for their stakeholders by, for 
example, establishing new markets, creating innovative technologies and offering a large 
number of employment opportunities (Wang and Zhang 2014). A report by EngineeringUK 
(2017) noted that the engineering sector in the United Kingdom (UK) contributes 26% of 
gross domestic product (GDP), viewed in terms of gross value added. This is greater than the 
collective contributions of the retail, wholesale, financial and insurance sectors. 
Typically, the features that distinguish the supply chain of HVM firms from those of 
non-HVM firms are: (1) the difficulty in switching suppliers, as they rely on specialist 
suppliers with unique technical expertise and innovation capabilities, (2) supplier 
development efforts are high, as products need to be developed in close collaboration with 
suppliers, (3) materials and scientific engineering capabilities are rare (e.g. few suppliers 
have the machining capability to process titanium composite material), and (4) strict supplier 
selection and evaluation criteria are required, mainly due to the risks of infringement of 
regulatory and intellectual property rights, as demonstrated by the recent arrest of a former 
Rolls-Royce engineer suspected of divulging details about  the UK’s new F-35 stealth  fighter 
jet to China (Telegraph 2018). 
Driven by globalisation, rapidly changing markets and emerging technologies, HVM 
supply chains have become increasingly complex (Zhang and Gregory 2011), and sourcing, 
manufacturing and distribution may occur at different locations. This provides a good 
opportunity to study how disturbances to the supply chain, i.e. risks and uncertainties (Huq et 
al. 2016), affect sourcing decisions.  
Aerospace is a high-tech manufacturing industry that has recently been hit by supply 
chain disturbances. For instance, in November 2010, internal quality issues (involving a 
faulty manufacturing process) led to serious failure of a Rolls-Royce Trent 900 engine at 
2,100 metres over Indonesia on a Qantas flight from Singapore to Sydney. According to the 
report by the Australian Transport Safety Bureau (ATSB), Rolls-Royce knew at least three 
years before the accident that components manufactured in its Hucknall plant in 
Nottinghamshire failed to conform to design standards. In fact, in 2009 the potential risk of 
these defective parts was raised by one of its engineers but Rolls-Royce did not carry out a 
proper investigation (Guardian 2013). Rolls-Royce lost US$1 billion in market value the day 
after this accident.  
Supply chain disturbances can also be due to external factors. An example of a 
network-level disturbance is the industry-wide shortage of aerospace fasteners (comprising 
approximately 3% of an airframe's value), which halted Boeing’s assembly line in 2007, 
causing billions of dollars of overspend due to delays (International Business Times 2014). 
More recently, due to the uncertainty regarding Brexit, Airbus, which directly employs 
14,000 people in Britain and whose supply chain supports 110,000 jobs, announced in 2018 
that it will refrain from extending its UK supplier base (Guardian 2018).  
The above-mentioned cases demonstrate how important it is for firms producing 
HVM products to understand that disturbances can occur at all levels within the supply chain, 
and to identify the sources of these disturbances. Undoubtedly, managing the supply chain 
becomes a greater challenge when partners are operating in geographically distant emerging 
markets, where institutions and infrastructures are less developed (Huq and Stevenson 2018). 
Despite this, in the UK HVM sector, outsourcing/offshoring to distant low-cost locations is 
still the dominant strategy. In a survey of 300 companies by the Engineering Employers 
Federation (2014), 20% of respondents reported that at least 50% of their suppliers were 
outside the UK. Yet there also seemed to be an interesting shift in their sourcing decisions. 
The report found that in the previous three years, around 17% of respondents had reshored 
production in-house and the same proportion had switched to near-shore outsourcing (i.e. 
using  a UK supplier). Moreover, an additional 6% of respondents were planning to reshore 
in the next three years – either in-house (i.e. insource) or to a UK/European supplier (i.e. 
near-shore outsource). 
When supply chain managers take strategic global sourcing decisions without 
considering possible disturbance factors, firms may have to resort to major reconfiguration of 
their supply chains. The role of managers and decision makers considering supply chain 
disturbances has been emphasised (Dong and Cooper 2016); however, the differences in the 
perception of supply chain disturbances on the part of internally and externally facing 
managers has not received full attention in the research literature. Moreover, sourcing 
decisions in which the influence of disturbance factors and proactive initiatives are fully 
considered will enable managers to develop better mitigation strategies (Samvedi et al. 2013, 
Heckmann et al. 2015). Therefore, in light of the clear industrial and academic importance of 
this topic, we investigate how managers based in a European HVM firm operating in an 
uncertain and dynamic environment evaluate supply chain disturbances. More specifically, 
this research compares how managers dealing with the overall supply chain and managers 
dealing with specific products rank disturbance factors when adopting the following two 
sourcing strategies: (a) insourcing/nearshore outsourcing (i.e., within Europe), and (b) 
outsourcing/offshoring (specifically to Asia).  
The remainder of this paper is organised as follows. A literature review is provided in 
Section 2 before the research method is outlined in Section 3. Findings are presented in 
Sections 4, which focuses on the comparison of the disturbance factors related to the firm, the 
supply network and location, and their relative importance when choosing different sourcing 
strategies. In Section 5, we illustrate through our case study how HVM firms are mitigating 
supply chain disturbances through novel methods such as developing specialist clusters, local 
sourcing and reshoring – before the paper closes with Section 6: Discussion and conclusions.  
 
2.0 Literature review  
Based on the definition of supply chain disturbances given in the previous section, we 
used the keywords “supply chain”, “supply chain risk” or “supply chain risk management” 
together with “risk” or “uncertainty” to search the literature. The keywords were combined in 
order to constitute a series of strings (e.g. “supply chain” AND “risk”) and relevant articles 
were identified through searches of Business Source Premier, Proquest, Emerald databases, 
and the Google Scholar search engine. We also supplemented our manual process organically 
with papers cited by others that are relevant to this study. The literature review provided 
support for the conceptual models (Figures 1-4) and was used as a foundation to build these. 
The potential disturbance factors were identified from the literature and grouped into firm-
related, network-related and location-related disturbance factors. The aim was to understand 
the most important supply chain disturbances (risks and uncertainties) that affect HVM firms 
when adopting the following two sourcing strategies: (a) insourcing/nearshore outsourcing, 
and (b) outsourcing/offshoring. 
2.1 Supply chain disturbances faced by global HVM firms 
Global HVM firms are characterised by complex network systems, dynamic environments 
and rapidly changing technologies (Zhang and Gregory 2011), with a common trend towards 
moving manufacturing to low-cost locations (Zhang et al. 2016), creating operational 
challenges when coordinating engineering processes across geographical boundaries. A key 
factor that distinguishes HVM firms from non-HVM firms is resource scarcity. HVM firms 
like Rolls-Royce and Pratt & Whitney (aerospace) or GE Healthcare or Siemens face a 
scarcity of suppliers, talent and raw materials, unlike non-HVM firms like Levi’s or Nike 
(brand retailers). The distribution of activities and scarcity of resources increase the 
vulnerability of HVM firms’ globally dispersed supply chains. 
 Managers are pushed to show the short-term benefits of operating a dispersed supply 
chain, principally in the form of greater profits, new products and increased sales, but are 
generally unaware of the key disturbance factors and do not fully realise the importance of 
preventing them or at least mitigating their negative impact. Therefore, it becomes essential 
to identify the risks and uncertainties facing the supply chains of HVM firms. Risks and 
uncertainties are distinguished by the fact that uncertainty cannot be expressed in terms of 
numerical probabilities, whereas risk can. In this research, the two are combined and termed 
‘disturbance factors’. Disturbance factors have the undesired properties of randomness and 
provoke disruptions in the operations process and so affect the final customer (Huq et al. 
2016).  
Categorising disturbance (or risk/uncertainty) factors is not a common approach in the 
literature on supply chain risk. Ho et al. (2015) found that out of 224 reviewed articles on 
supply chain risk management, only 20 categorised the risk factors. One of the most 
comprehensive and widely used approaches is the classification applied by Christopher and 
Peck (2004), which divides risks according to the source, that is, internal to the firm, internal 
to the network while being external to the firm, and external to the network (Samvedi et al. 
2013). Using a similar approach, in the present study the sources of disturbances that would 
hinder optimal supply chain performance of a global HVM firm were identified by an 
extensive literature review and grouped into three broad categories: (1) firm-related, (2) 
network-related and (3) location-related disturbance factors. The objective was to create a 
comprehensive classification.  
2.2 Firm-related disturbance factors 
Firm-related disturbance factors are highly linked with internal operational disruptions, 
consisting mainly of control and process failures (Spiegler et al. 2012, Aqlan and Lam 2015, 
Rangel et al. 2015). Two subcategories of these factors are briefly described below and the 
factors are summarised in Figure l.  
 
 
2.2.1 Control disturbances  
These disrupt the flow of information within the firm and the ability to communicate 
customers’ orders (Huq et al. 2016). This can occur between divisions and branches, causing 
many control issues such as: (i) break in information flow, which can cause disturbances such 
as firms being unable to align batch sizes and safety stocks with demand, and (ii) poor 
coordination  in order processing. 
 
2.2.2 Process disturbances  
These hinder the firm’s ability to hit delivery targets and reduce flexibility, creating capacity 
constraints. Causes of such disturbances include  random stoppages in manufacturing 
processes, machine breakdown (Samvedi et al. 2013), as well as defective production (Aqlan 
and Lam 2015). Therefore, the main process disturbances considered in the framework are: 
(i) quality defects and (ii) unforeseen and random interruptions in manufacturing processes. 
 
[Insert Figure 1] 
2.3 Network-related disturbance factors 
Network-related disturbances are internal to the network while being external to the firm 
(Christopher and Peck 2004). This type of risk can emerge at any of the nodes and arcs of the 
network (Kim et al. 2015) and is considered difficult to manage as these risks are external to 
the focal firm (Huq et al. 2016). We consider the following two subcategories of these 
factors, as summarised in Figure 2.  
 
2.3.1. External control disturbances  
Focal firms must be aware of possible disruptions that may affect the flow of materials and 
information between every node in the network (Christopher and Peck 2004). Networks can 
be financial, informational, relational and innovational (Heckmann et al. 2015). Poor 
alignment and lack of integration between communication channels along with other control 
issues increase vulnerability as well as the severity of disturbances (Rogers et al. 2012). 
Issues such as transmission of false data can have a knock-on effect and undesirable 
consequences on all network partners. For example, communicating wrong demand patterns 
can disturb control activities within the network (Lee et al. 1997). The two main control 
disturbance factors are: (i) problems communicating with trading partners and (ii) mismatch 
between market demand and supplier responsiveness (Samvedi et al. 2013, Aqlan and Lam 
2015, Huq et al. 2016).  
 
2.3.2 External supply disturbances 
External supply disturbances (i.e. failure in the upstream flow of materials) have increased as 
a result of globalisation (Samvedi et al. 2013). The two main  supply disturbances are: (i) 
untimely delivery, which is defined as a difference between planned and actual lead times 
(Lockamy and McCormack 2010), and (ii) mismatched inventory levels, which can be in the 
form of excess inventory or shortages of materials (Aqlan and Lam 2015). 
 
 [Insert Figure 2] 
2.4 Location-related disturbance factors 
Location-related disturbance factors can also be divided into two main types, as summarised 
below and in Figure 3.  
 
2.4.1  Physical disturbances 
These can directly impact on production’s operations and delivery.  
(i) There are numerous costs related to distant operations (e.g. corruption, 
bureaucracy, reduced flexibility), which can be hidden and difficult to measure (Huq et al. 
2014, U.S. Department of Commerce 2016). Also, the relative increase in wages in low-cost 
distant countries needs to be recognised. For example, the average annual increase in labour 
costs in China was 13.7% between 2000 and 2014, whereas in the US it was only 2.9% (U.S. 
Department of Commerce 2016). These trends may well lead companies to reconsider their 
sourcing decisions by moving some activities closer to home and to have fewer major 
production locations.  
(ii) Offshore operations are more likely to see problems related to the  availability and 
reliability of infrastructure such as airport capacity and roads, as well as the reliability of 
third-party logistics and transportation costs. This is more true of India, for example, while 
China has a sophisticated transport system (Pawar and Rogers 2013).  
 (iii) Lastly, international location decisions are influenced by the quality and 
availability of the labour force (MacCarthy and Atthirawong 2003). A firm setting up a 
manufacturing plant in a Third World country to take advantage of lower labour costs must 
assess whether the non-availability of skilled personnel may erode its capability to compete 
on time or efficiency (Bhatnagar and Sohal 2005). For instance, plant location decisions that 
ignore the skill levels of the local workforce (e.g. level of education or ability to 
communicate), labour turnover and risks of labour unrest could lead to supply chain 
disturbances. 
 
2.4.2 Environmental disturbances 
These have a low probability of occurring, yet often have serious consequences (Christopher 
et al. 2006, Knemeyer et al. 2009). We consider four types of disturbance in this subcategory.  
(i) Geopolitical disturbances can be political (e.g. Brexit, trade tariffs), natural (e.g. 
tsunami, earthquakes) or social (e.g. terrorist attacks, riots). They include revolutions  and 
wars. Each political area or border that a supply chain must cross can pose problems. 
(ii) Cultural disparities across borders (Huq et al. 2014) can increase an MNC's risk 
owing to the increased organisational complexity. There is also the uncertainty related to 
operating in new markets. For example, written contracts may have different interpretations 
in other cultures. Moreover, different holiday seasons (e.g. Eid, Christmas, Diwali and 
Chinese New Year) and different time zones can affect supply chain coordination. 
 (iii) The risks of infringement of intellectual property rights (IPR) increases with 
outsourcing. This is a critical issue in highly sensitive industries such as software, 
pharmaceuticals and aerospace (Huq et al. 2016). For example, IBM, Intel and Apple 
increased the opportunity for their competitors when they outsourced critical elements of 
their businesses.  
(iv) Finally, changes in government regulations and policies can pose significant 
disturbances (Rangel et al. 2015). For example, different regions have different safety and 
compliance requirements (Huq and Stevenson 2018).  
 
[Insert Figure 3] 
2.5 Sourcing strategies 
Global firms face an ongoing challenge while considering appropriate sourcing decisions, 
given the different disturbance factors identified above. Sourcing decisions should focus on 
value maximisation, considering the cost and benefits of each alternative simultaneously 
(Gray et al. 2013, Tate and Bals 2017). Therefore, it is critical to understand the relevance of 
different supply chain disturbance factors while considering different sourcing options 
(Figure 4). In this study we consider the main two sourcing strategies of a large European-
based HVM firm and assess how managers dealing with specific products and managers 
responsible for wider supply chain issues rank disturbance factors. 
 The first strategy that we consider is remote outsourcing/offshoring (Asia). 
Outsourcing can be defined as the performance of supply chain activities by third parties that 
are not part of the firm’s employee base, with the aim achieving cost efficiency and 
competitiveness (Kremic et al. 2006, Ellram et al. 2008). In this study we consider the 
disturbance factors faced by a European focal firm when it sources a certain input from 
outside the parent firm’s national borders and the site is comparatively remote (specifically 
Asia in this firm’s case). Offshoring here is only geographical, in that the focal firm in fact 
owns and runs the factory (Foerstl et al. 2016, Huq et al. 2016). 
 The second sourcing strategy is insourcing/nearshore outsourcing (Europe). 
Nearshore outsourcing, or ‘nearshoring’, occurs when firms use closer locations (nearby 
countries) or domestic suppliers to undertake supply chain activities (Tate and Bals 2017). 
Insourcing is where a firm’s production activities are performed with its in-house capabilities 
(Gray et al. 2013). Bringing production closer to home may reduce the location-related 
disturbances noted above.  
 
 [Insert Figure 4] 
 
3.0 Methodology 
We conducted a case study of a large global HVM firm operating in the aerospace industry 
with annual turnover of more than £10 billion in 2017 – anonymised here as SpaceCo. Single 
cases are appropriate for exploratory studies, where the objective is to gain an in-depth 
understanding (Meredith 1998). By combining multiple data sources, triangulation of 
methods (AHP and interviews), formulation of an optimisation model to select the most 
preferable outsourcing strategy and detailed case study analysis of the mitigation of supply 
chain disturbance factors (in Section 5), we were able to achieve a degree of analytical 
generalisation and validity inference. First, the 15 disturbance factors identified from the 
literature review  were grouped into firm-related, network-related and location-related 
factors. We then used the Analytic Hierarchy Process (AHP) (Saaty 1980) to evaluate the 
importance of each disturbance factor with respect to sourcing decisions. AHP allows a set of 
complex issues, factors and relationships, which have an impact on an overall objective, to be 
compared in terms of their impacts on the solution to the problem (Saaty 1980).AHP is 
commonly used to prioritise factors and select best alternatives (Subramanian and 
Ramanathan 2012). It has been proposed that AHP is an appropriate method to assess 
supplier sourcing decisions along with other models such as Data Envelopment Analysis (Wu 
et al. 2014). AHP has proved valuable to managers who need to assess complex problems in 
the most rational, systematic and consistent way, without compromising any fundamental 
component of the decision-making process (Dong and Cooper 2016).  
The AHP questionnaires were sent out to two groups of managers within the case 
firm. The first group comprised three managers whose primary focus was at the product level 
(e.g. the New Product Introduction Manager). The second group comprised four senior 
managers concerned with the functioning of the supply chain (e.g. Head of Supply Chain 
Planning and Control Department). Although of course there was some overlap, the managers 
in the first group focused on internal company affairs (e.g. improving productivity, 
maintaining quality) whereas the managers in the second group focused on external issues 
(e.g. sourcing of components, transportation of goods). The participants were carefully 
selected and were all well established in their professional fields and had substantial 
experience (at least five years) of sourcing both within and outside Europe. Our objective was 
to reveal any differences in their prioritisation of supply chain disturbances.  
Since the case study has seven respondents, we used geometric means to convert  their ratings 
into a single rating for pairwise comparison, as per Saaty’s (1980) recommendation. The 
main constraint of AHP is that it is a subjective model, in that it is based on the opinions of 
decision makers. To avoid biases, we triangulated their views using data from secondary 
sources such as firm websites, annual reports and other financial reports to verify the 
importance of disturbance factors during critical periods (Patton 2002). One of the common 
issues with using AHP is the potential for arbitrary judgement of the decision-maker. 
However, we confirm consistency by validating the results and through follow-up interviews, 
which build on the managerial judgements, thus minimising potential bias. The application of 
AHP involved the following four structured steps (Ramanathan 2006, Ho 2008).  
 
Step 1: Structuring the assessment problem into a hierarchical model 
Our AHP model has three levels. At the first level of the hierarchy, firm-related disturbance 
factors, network-related disturbance factors and location-related disturbance factors are our 
major criteria. These are subcategorised at the second level. At the third level are the two 
sourcing strategies.  
 
Step 2: Pairwise comparisons and the judgement matrix 
In this step, the criteria for the factors at each level are compared with respect to a specific 
criterion at the level immediately above. The resulting weights of the criterion are referred as 
the local weights. Criteria are compared pairwise and judgements on comparative 
attractiveness of criteria are captured using Saaty’s 1–9 rating scale (Saaty 1980), where 1 = 
‘Equal importance’, 2 = ‘Equal to moderate importance’, 3 = ‘Moderate importance’, 4 = 
‘Moderate to strong importance’, 5 = ‘Strong importance’, 6 = ‘Strong to very strong 
importance’, 7 = ‘Very strong or demonstrated importance’, ‘Very strong to extreme 
importance’, and 9 = ‘Extreme importance’.  
We asked each respondent to compare the significance of each disturbance factor 
against all the others at the same level with respect to a specific criterion in the level 
immediately above, while considering one of two sourcing strategies: outsourcing/offshoring 
or insourcing/nearshore outsourcing. Following the completion of the questionnaire, Expert 
Choice software was used to construct an individual pairwise comparison matrix for ranking 
the criteria with respect to the goal, and the sub-criteria with respect to the criteria. Overall, a 
criterion receiving a higher rating is viewed as superior to (or more attractive than) one that 
receives a lower rating. We followed all the rules suggested by Saaty, such as transitivity 
property and consistency of matrix, to construct the pairwise comparison matrices. Since 
human judgements need not be always consistent, we checked for consistency of pairwise 
comparison matrices and ensured our consistency ratios were below 0.1 (see Saaty 1980).  
We followed the rules suggested by Saaty (1980). Each pairwise matrix is formed by 
comparing the row element by column element 
𝐴 = (𝑎𝑖𝑗)        (𝑖, 𝑗 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎; 𝑎𝑖𝑗 > 0; 𝑎𝑖𝑗 =
1
𝑎𝑗𝑖
;  𝑎𝑖𝑖 = 1 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑖) 
Consistency ratio (CR) = Consistency Index (CI) / Random Index (RI) 
Consistency Index (CI) = 
(𝑙𝑎𝑚𝑏𝑑𝑎𝑚𝑎𝑥−𝑛)
(𝑛−1)
      (n = Size of matrix)    
(𝐴 = 𝑝𝑎𝑖𝑟𝑤𝑖𝑠𝑒 𝑚𝑎𝑡𝑟𝑖𝑥; 𝑙𝑎𝑚𝑑𝑎𝑚𝑎𝑥 = 𝑙𝑎𝑟𝑔𝑒𝑠𝑡 𝑒𝑖𝑔𝑛𝑒𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝐴) 
 
Step 3: Weight computation 
Weights of criteria are computed using the Eigen vector method and we used Expert Choice 
software to calculate the local weights. The normalised Eigen vector corresponding to the 
principal Eigen value of the judgement matrix provides the Eigen value of each criterion.  
Local weights are estimated following Saaty (1980): 
𝐴𝑤 = 𝐿𝑎𝑚𝑏𝑑𝑎𝑚𝑎𝑥𝑤        (𝐴 = 𝑝𝑎𝑖𝑟𝑤𝑖𝑠𝑒 𝑚𝑎𝑡𝑟𝑖𝑥; 𝑙𝑎𝑚𝑑𝑎𝑚𝑎𝑥
= 𝑙𝑎𝑟𝑔𝑒𝑠𝑡 𝑒𝑖𝑔𝑛𝑒𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝐴; 𝑤 = 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑠𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡𝑠 
 
Step 4: Best alternatives 
Final weights of alternatives are computed by aggregating local weights of criteria and local 
weights of alternatives with respect to an individual criterion. We used the equation from 
Ramanathan (2006) to arrive at final weights of alternatives. 
Final weights of alternative: 𝐴1 =
∑ [(𝐿𝑜𝑐𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐴1𝑤𝑖𝑡ℎ 𝑟𝑒𝑠𝑝𝑒𝑐𝑡 𝑡𝑜 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛 𝐶𝑗) 𝑥 (𝐿𝑜𝑐𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑗) ]𝑗  
 
During 2015-2017, we interviewed the seven AHP respondents multiple times to gain 
an in-depth understanding of the phenomena (see Table 1). Because there are relatively few 
global HVM firms, the multiple perspectives from different supply chain levels within one 
firm are likely to be reasonably representative of the industry as a whole, and generalisable; 
this rationale has been followed in several previous case and AHP studies in either 
developing or validating a framework (Ramanathan 2013, Subramoniam et al. 2013). In 
addition to the managers participating in the AHP study, two other managers – the Head of 
Purchasing and the Strategic Purchasing Executive – were interviewed to corroborate the 
findings. 
The results of the AHP were shared with the managers and their comments and 
feedback gathered. The respondents’ validation of the findings strengthens the robustness of 
our weighting process. At the follow-up we asked how they would manage/mitigate these 
kinds of disturbances, for example whether any of these disturbance factors would influence 
their reshoring decisions. 
Finally, to check the robustness of the decisions we carried out a sensitivity test by 
reducing the dominating factor value by 20%. The rationale for this is derived from the 
Pareto analysis, which states that 20% of issues will have 80% impact. Overall, we did not 
find a significant change in the sourcing decisions of the two categories of managers.  
 
[Insert Table 1] 
 
4.0 Findings  
4.1 Comparison of firm-related disturbance factors  
The factors ranked first and second in importance in making sourcing decisions are 
unforeseen and random interruptions and difficulty in order processing when the strategy is 
outsource/offshore (Asia), for both product managers and supply chain managers (see Table 
2). According to the New Product Introduction Manager (internal facing) and the Physical 
Logistics Manager (external facing), factors like these which might affect delivery 
performance are critical and can influence their decision to reshore or to  near-shore. 
An interesting difference between the two groups concerned quality defects. When the 
strategy is outsource/offshore (Asia), quality defects are ranked third by supply chain 
managers and sixth by product managers. Supply chain managers feel more responsible when 
sourcing from distant locations, since if anything goes wrong in terms of quality they get the 
blame. Conversely, quality defects are not a significant disturbance factor for either group 
when insourcing or outsourcing near-shore (Europe), which shows that they are more 
confident when they have more visibility and control.  
Break in information flow is considered a bigger problem when outsourcing or 
offshoring by both groups of managers. The Head of the Supply Chain Planning and Control 
Department remarked: ‘Interesting results, with some clear distinctions between internally 
and externally focused groups of managers. [However] I would have expected disturbances 
relating to breaks in information flow to be more evident [when the strategy is near-shore 
insource/outsource]….’ 
Difficulty in order processing while insourcing or nearshore outsourcing is ranked 
higher by supply chain managers. An explanation for this might be that since product 
managers are internally facing, they do not directly deal with order processing and perceive it 
to be more of a challenge than externally facing supply chain managers.  
 
[Insert Table 2] 
4.2 Comparison of network-related disturbance factors 
Communication problems when outsourcing or offshoring was the number one disturbance 
for both groups of managers (see Table 3). The Head of Supply Chain Planning and Control 
Department agreed with our results and commented:  ‘Yes, the supply network disturbances 
seem to be more sensitive to how distant the supplier is away from you. So the more time 
zones separating you [and the supplier], the more likely [it is[ that any discontinuities in 
information or communication flows [will] affect the supply.’    
The second biggest disturbance factor was communication problems while insourcing 
or outsourcing nearshore for managers responsible for wider supply chain issues. The Senior 
Procurement Manager explained that communication problems while sourcing within Europe 
should not be underestimated: ‘I think the level of miscommunication can trip you up in 
similar ways as on offshore sourcing [Asia]… If these disturbances occur, the expectations 
most times don’t match and to get them aligned and back to a necessary level is of course a 
huge effort.’ The Head of Purchasing mentioned problems due to a failure to have the work 
instructions properly translated into the local language, which led to penalty charges for late 
delivery of a critical product to a customer.  
On the other hand, for internally facing product managers, untimely delivery of 
products was ranked second while outsourcing or offshoring to Asia, but only fifth when 
insourcing or outsourcing nearshore (to Europe). The delivery of products is a key function of 
product managers, while communication is a key issue for supply chain managers. It seems 
that their perception of the importance of supply-related disturbance factors was closely tied 
to their key functions. 
We also found that mismatched inventory levels when insourcing or outsourcing 
nearshore was the lowest-ranked disturbance for both groups (ranked 8), while it the second 
lowest (ranked 7) when outsourcing or offshoring. According to the Head of Supply Chain 
Planning and Control Department, this should have generally been ranked higher and was a 
bigger problem when outsourcing or offshoring was taking place in Asia. It was his view that 
‘the total inventory at vendor, in transit and in the business, would need to be considered’. 
 
[Insert Table 3] 
4.3 Comparison of location-related disturbance factors 
Both groups of managers rank the hidden costs of distant operations while outsourcing or 
offshoring to Asia as the highest location-related disturbance factor (see Table 4). There can 
be many causes of hidden costs, such as exchange rate appreciation, high utilities and 
transport costs (driven by rising fuel prices) and wage inflation (particularly in China). For 
example, between 2005 and 2016, the average wage bill in China's manufacturing sector 
trebled to $3.6 (Euromonitor International 2017). If this trend continues, then by 2020 US 
wages will be only about four times higher than Chinese wages, compared with 20 times 
higher in 2008 (United States Department of Commerce 2017). This changing calculus means 
that companies that made the sourcing decision 10-15 years ago may need to reconsider. In 
relation to exchange rates, SpaceCo works very closely with its treasury department to ensure 
that the level of disturbance is clearly understood before embarking on a sourcing project. 
Geopolitical issues are ranked second by product managers and fourth by supply 
chain managers when the strategy is outsource/offshore (Asia) out of the 15 factors, 
indicating that they are quite high on their agenda. Political instability within an area can 
affect the physical assets, personnel and operations of foreign firms. It may be hard to adjust 
the structure or geographical set-up of a supply chain in reaction to changes in the political 
environment if the firm has plants in another continent, but Brexit and the United States 
renegotiating the North American Free Trade Agreement (Forbes 2017) show that tighter 
border controls and tariffs may emerge even within continents. Firms have to navigate an 
ever-changing regulatory landscape and so need to take consideration of geopolitical and 
regulatory stability. To help prevent such disturbances, SpaceCo tries to source from 
politically stable countries and/or ensure that it has a portfolio of suppliers, thus diversifying 
global operations and spreading risks. 
Firms may need to reveal trade secrets, new product development plans and special 
process techniques while sourcing from partners. This leads to the risk of infringement of 
IPR, though this was, surprisingly, ranked low in both outsourcing scenarios. The Head of 
Purchasing cautioned that European firms are concerned about how their intellectual property 
(IP) might be exploited in China. She mentioned that SpaceCo considers this risk very 
seriously and is often deterred from sourcing highly complex products in China. To mitigate 
this kind of location-related disturbance, the firm has strengthened resources to manage 
patents by creating a global framework of IP officers and procuring a global IT system to 
make patent information more secure. 
 
[Insert Table 4] 
4.4 Comparison of overall weights of firm-, network- and location-related 
disturbance factors 
We can observe an interesting trend from Table 5. Externally facing supply chain managers 
consistently rank firm-, network- and location-related disturbances higher when 
outsourcing/offshoring from Asia and lower when insourcing/nearshore  outsourcing from 
Europe than do internally facing product managers. A reason for this could be that supply 
chain managers have a better understanding of the disturbances associated with a more 
dispersed and complex supply chain. The Head of Supply Chain Planning and Control 
Department tried to explain this phenomenon in these terms: ‘I assume that as the supply 
chain managers are more likely to have to deal with issues relating to failures they give a 
more realistic view of the outsource/offshore option than product managers’. It seems more 
difficult to manage supply chain disturbances the further away they are from the focal 
company. This is reflected in the preferred sourcing decision of both groups of managers, 
who overwhelmingly chose the insource/nearshore outsource (Europe) option. Thus, given 
the disturbances, managers feel that the high level of disturbances while 
outsourcing/offshoring from Asia will outweigh the cost benefits of sourcing from a low-cost 
location. 
 
[Insert Table 5] 
4.5 Mathematical model 
In this section, we enumerate a generic mathematical model to capture the influence of 
disturbance factors on outsourcing strategies. We develop a deterministic model, which 
represents the preferable outsourcing strategy (OSl) with respect to firm, network and 
location related disturbance factors. For example, the influence of firm level disturbance on 
an outsourcing strategy is represented as (𝑂𝑆𝑙 ∗ 𝐹𝐷𝑖). The influence of different disturbance 
factors on both strategies is shown in Table 6. This scenario can be modelled as a multi-
objective formulation as shown in the below equation. The model has three disturbance 
factors in the objective function and as per the  conventional way of formulation we try  to 
minimise disturbance factors (Zhang et al. 2015). Our objective is to quantify each 
outsourcing strategy, considering all factors and sub-factors that are within the acceptable 
prescribed values. This is a simple formulation, as the model did not include weights for each 
objective. The weights can be decided based on the requirements of the practitioners. The 




i  : Firm level disturbance factor index 
FDi  : Firm level disturbance factors  
m  : Total number of firm level disturbance factors  
j  : Network level disturbance factor index 
NDj  : Network level disturbance factors  
n  : Total number of network level disturbance factors  
k  : Location related disturbance factor index 
LDk  : Location related disturbance factor 
o  : Total number of location related disturbance factors  
l  : Strategy indicator 
OSl  : Outsourcing strategy (OS1 –strategy 1, strategy 2)  
t  : Total number of strategies  
XOD  : Binary variable 
 
















∗ 𝑋𝑂𝐷) -----  (1) 
 
Subject to 









=1 (One strategy for one disturbance factor) 
𝑋𝑂𝐷  [0,1] 
𝑋𝑂𝐷 is an integer 
(𝑂𝑆𝑙 ∗ 𝐹𝐷𝑖)  ≥ min _𝑣𝑎𝑙𝑢𝑒 
(𝑂𝑆𝑙 ∗ 𝑁𝐷𝑗)  ≥ min _𝑣𝑎𝑙𝑢𝑒   
(𝑂𝑆𝑙 ∗ 𝐿𝐷𝑚)  ≥ min _𝑣𝑎𝑙𝑢𝑒  
 
[Insert Table 6] 
5.0 Case study analysis of the mitigation of supply chain disturbance factors   
The sourcing spend in countries outside of its home country for SpaceCo during 2015-17 was 
70%, of which 15% was in low-cost countries. This  budget was higher than 10 years 
previously and had been growing consistently. In fact, the company aims to source 40% of its 
total spend from low-cost countries by 2025. As the company’s spend with external suppliers 
is significant, this area is given a lot of attention within the sourcing functions. The main 
driver of  outsourcing/offshoring has been cost savings. For example, SpaceCo’s Strategic 
Purchasing Executive reported that sourcing from low-cost locations in Asia had had a 
significant (>15%) piece-part cost reduction over nearshoring from Europe. The Head of 
Purchasing added that this is necessary when competing in a global marketplace, as 
customers in the aerospace industry are primarily concerned with cost, technology and 
responsiveness. Another benefit of offshoring is  the ability to access new markets. SpaceCo 
predicts that emerging markets in Asia, the Middle East and Africa will experience the fastest 
rates of growth. Two of the major factors leading to an increase in demand in these regions 
include faster GDP growth and retirement of existing units.  
Nonetheless, in order to deliver a successful outsourcing or offshoring strategy, firms need to 
understand the disturbances holistically and design appropriate mitigation plans. Below we 
describe what SpaceCo does to mitigate disturbances in its supply chain. The information is 
used to derive the overall framework for HVM firms presented in Figure 5. SpaceCo adopts a 
robust approach to disturbance mitigation and considers various factors, not only alignment 
to the cost model. 
5.1 Total cost of acquisition 
In order to mitigate disturbances, SpaceCo considers the total cost of acquisition. It tries to 
ensure that the cost model and potential disturbances are correctly aligned. For instance, it 
mitigates disturbances due to lack of availability and quality of infrastructure and the labour 
force. Where a product has a high labour content, SpaceCo attempts to exploit opportunities 
available in lower-wage countries. Similarly, for more automated manufacturing processes or 
complex products, it tries to secure a source in a country which can offer lower costs of 
capital and the right labour expertise. By being able to hire from the local workforce it can 
cut down on incidental costs and uncertainty such as arranging visas for expat employees. 
This method is fluid – if a manufacturing process previously required a high level of manual 
input but now can be largely automated, the cost focus shifts to the cost of capital as opposed 
to labour rates. 
SpaceCo will source remotely as long as there is a sensible business case based on 
total cost of acquisition. While calculating the total cost of acquisition, it considers hidden 
costs. For example, if the product is bulky and shipping costs are considerable, then it will try 
to mitigate disturbances by nearshoring rather than remote sourcing. Lead time can also be a 
challenge when remote offshoring/outsourcing. Even if there is a clear unit cost reduction, 
SpaceCo will factor in the challenge of transporting the product and any increase in lead time 
leading to untimely delivery of products. Moreover, increased lead time often results in 
holding more safety stock and thus more inventories in the pipeline, which represents  
additional working capital cost. According to the Programme Manager (Product X): ‘When 
required we will implement safety stocks; however, this practice is now limited due to the 
impact on cash flow, [as] our supply chains must be as lean as possible. As a result of this we 
have seen an increase in airfreight usage compared to sea freight as from a total cost 
perspective it is cheaper to use air freight than have shipments on the sea.’  Thus, the cost 
benefit of sourcing from low-cost locations has to outweigh the cost of related disturbances, 
such as working capital tied up in inventory. 
SpaceCo conducts rigorous supplier assessments prior to business being undertaken to 
ensure business continuity and holds follow-up monthly reviews of progress. The Programme 
Manager (Product X) added: ‘Often the cost of onsite resource, the cost of daily calls and 
expediting is not taken into consideration compared to established European suppliers where 
this support is not required.’ However, the focus is not always on the supplier. According to 
the Head of Purchasing, another factor SpaceCo considers while calculating total cost is 
‘closeness to customer’. By being closer to the customer, it can develop stronger relationships 
with that customer, which helps reduce total cost. It will also weigh the level of local 
government support before deciding the sourcing strategy. For example, its decision to 
insource turbine blade castings was driven by the incentives (e.g. tax benefits) offered by the 
government.         
5.2 Development of clusters and local sourcing 
Currently, over half of SpaceCo’s order book is from the Middle East and Asia. In order to be 
close to customers, SpaceCo has set up manufacturing facilities in low-risk parts of Asia. 
SpaceCo’s strategy is to develop local suppliers to save on costs to support its regional hubs. 
While continuing to develop its supply base in emerging markets, it also tries to deepen its 
relationship with existing suppliers. They create integrated in-region supply chains, which 
may be referred to as ‘clusters’. In essence, SpaceCo focuses on working with existing 
suppliers by ‘migrating’ them to a lower-cost country. This helps ensure continuity of supply 
and to retain the technical know-how for the product lines. For example, one of its European 
machining suppliers expressed interest in setting up a facility in an emerging market. This 
initiated a programme through which SpaceCo leveraged its good relations with the 
government of an emerging nation to develop a cluster of aerospace suppliers in close 
proximity.  
Migrating an existing supplier to a low-cost location is considered a low-risk remote 
outsourcing option. This helps to mitigate disturbances in a number of ways. For example, it 
can reduce external supply disturbances such as untimely delivery and mismatched inventory 
levels. By working with existing suppliers, which already possess technical expertise, it can 
reduce time to produce, especially during new-product introduction (NPI). It can also 
mitigate hidden costs of distant production by reducing inventory in the pipeline and thus 
working capital. These clusters can minimise operational costs and maximise the benefits 
linked to better coordination and improved communication with suppliers, thus mitigating 
external control disturbances. SpaceCo also invests time and resources to develop the 
capabilities of indigenous suppliers further, which has led to significant benefits (according to 
the Head of Purchasing). 
Clusters can lead to competitive advantage if the procurement volume reaches a 
critical mass, which may be used as leverage to secure the best commercial deals with 
suppliers. Additionally, SpaceCo encourages its first-tier suppliers in emerging markets to 
source locally and develop their own supply base. The Programme Manager (Product X) 
explained: ‘As a business we are allowing tier 1 suppliers to now fully manage their sub-tier 
supply chains whereas previously we issued directed buys. By stopping this practice it allows 
the tier 1 vendor to source within its own region and leverage their own opportunities.’ One 
of the gearbox suppliers was able to deliver savings in the region of 12% by pursuing such a 
local sourcing strategy. 
This drive towards an integrated in-region supply chain also enables SpaceCo to 
exploit opportunities by influencing national and local governments in order to maximise 
incentives such as grants and concessions, especially in countries and regions promoting the 
growth of manufacturing locally.  
However, clusters may also pose a challenge. For example,  geopolitical disturbances 
such as natural disasters or societal disruptions could impact all members of a regional supply 
chain at once. Furthermore, disturbances due to cultural disparity need to be mitigated before 
clusters are set up. Nonetheless, the advantages are manifold. Using clusters, SpaceCo is able 
to design its supply chain to align with its requirements. The various links in the supply chain 
benefit, as they can operate almost as one integrated entity, and thus increase efficiency and 
provide steady reliable business. 
5.3 Reshoring  
Where the benefits of offshoring/outsourcing have not been delivered, SpaceCo has 
transferred some manufacturing back to its home country. The primary reason for this is to 
reduce disturbances due to external control factors (Senior Procurement Manager) such as 
communication problems (Supply Chain Manager) and location-related disturbances such as 
the risk of IPR infringement, the availability and reliability of infrastructure, and the quality 
and availability of the labour force (Senior Procurement Manager), as well as disparity in 
national cultures (Head of Purchasing). Other factors that might lead to reshoring included an 
increase in automation (Head of Purchasing), complexity of the product (Production Manager 
and Senior Procurement Manager) and the level of government support such as incentives 
(grants) and the home government’s commitment to long-term capability development 
(Senior Procurement Manager). To illustrate the last point about political drivers, SpaceCo 
works closely with the UK government to secure funding to manufacture within the UK, 
which helps to create local jobs and provides growth for the UK economy. It has taken a 
leading role in the UK government’s ‘Sharing in Growth’ initiative, which provides around 
30 UK suppliers with a tailored, in-depth training and development programme. The aim is to 
create a competitive group of UK suppliers to help achieve sustainable, competitive 
performance as the industry continues to grow.  
 
[Insert Figure 5] 
 
6.0 Discussion and conclusions 
This paper investigates how a Europe-based HVM firm rates supply chain disturbances while 
using one of two supply chain strategies – insource/nearshore, and outsource/offshore. The 
research empirically examines how HVM managers assess supply chain disturbances. In 
doing so, it makes some important theoretical contributions. One of the study’s underlying 
objectives was to investigate how internally facing managers perceive firm-, network- and 
location-related supply chain disturbances compared with externally facing managers. We 
found that there were similarities between the two groups for most of the highly ranked 
factors. For instance, when the strategy is to outsource/offshore (Asia), both groups ranked 
unforeseen and random interruptions and difficulty in order processing  first and second 
among the firm-related disturbance factors, ranked communication problems first among the 
network-related disturbance factors and ranked hidden costs first  among the location-related 
factors. 
However, the findings show that managers’ perceptions of disturbances can be 
prejudiced by their functional boundaries. Similarly, Ellis et al. (2010) noted that risk 
perceptions, rather than objective measures, are the key drivers of managers’ behaviour. In 
certain cases, the evaluation of supply chain disturbances differ based on whether the 
decision maker is in an internally or externally facing role. For example, internally facing 
managers seem to be more prone to the illusion that they are in control. This inherent 
optimism can cause them to ignore or downplay the possibility of disturbances such as 
quality defects, which are ranked sixth among the firm-related disturbances by product 
managers when the strategy is outsource/offshore (Asia) but ranked third by supply chain 
managers. The results of our study also suggest that internally facing managers’ perceptions 
of disturbances can tend to be myopic. For instance, since the delivery of products is a key 
function for product managers, they rank the untimely delivery of products second among 
network-related disturbances while outsourcing or offshoring to Asia. If the managerial 
perceptions of risk within the same supply chain significantly differ, risk mitigation becomes 
more difficult (Zsidisin 2003), whereas if internally and externally facing managers have 
congruent perceptions of supply chain disturbances, then it will be easier to implement 
effective mitigation strategies. 
This paper contributes to the research on sourcing strategies and risk mitigation. We 
show through our empirical findings that both product and supply chain managers prefer the 
insource/nearshore outsource strategy, as they feel that the disturbances while 
outsourcing/offshoring are significantly greater and offset the benefits of low-cost 
production, a counterintuitive finding. One of the primary reasons for this is that the 
insource/nearshore outsourcing strategy can have multi-faceted benefits for a firm’s 
production system. For example, shorter delivery lead times make supply chains simpler and 
more resilient (Hammami et al. 2017) by reducing the amount of inventory management 
needed, by mitigating the uncertainties around delivery times, and by avoiding the creation of 
redundant systems and capacity (Gray et al. 2013, Srai and Ané 2016). Other potential 
advantages include availability of resources like transportation, warehousing, and efficient 
labour that helps with greater efficiencies. It can also offer benefits in terms of decreasing 
transaction costs, such as sustainability-related environmental and human rights violations 
when compared with outsourcing/offshoring (Huq et al. 2014). Also, certain disturbance 
factors may spiral out of control when sourcing from distant locations due to the additional 
transactional cost of interacting with different cultural groups (Tate and Bals 2017, Pawar et 
al. 2018). For instance, in our case study we found that, due to the difficulties of translating 
work instructions accurately into the local language, SpaceCo was unable to deliver a critical 
product to its customer on time and as a result was penalised by the customer. There is also a 
degree of greater flexibility that insourcing/nearshore outsourcing offers (de Treville and 
Trigeorgis 2010, McIvor 2013); for example, having fewer quality defects decreases the 
burden of hierarchical governance structures (Steven and Britto 2016). Moreover, 
nearshoring (or reshoring) tends to lessen the impact on production of political instability in 
foreign countries and mitigates the threat of intellectual property loss (Huq et al. 2016, Srai 
and Ané 2016). 
The preference of both product and supply chain managers for insourcing/nearshore 
outsourcing over outsourcing/offshoring could pertain to economic as well as social 
advantages. For instance, the UK is one of the major players in global manufacturing. The 
UK’s manufacturing industry contributes 9% of total European Union sales (Deloitte 2018) 
and employs approximately 2.5 million people, paying them well above the national average 
(HVM Catapult 2018). The High Value Manufacturing (HVM) industry (a subset of 
manufacturing) contributes £275 billion of Gross Added Value to the UK economy per 
annum (Institute for Manufacturing 2016). As such, Aerospace - of which SpaceCo is a part - 
is one of the leading HVM companies in the UK (Innovate UK 2014). Important players in 
this sector can have a strong economic impact. For example, the European airplane 
manufacturer Airbus has an annual turnover of £6bn, employs more than 14,000 people and 
supports an additional 110,000 domestic supply-chain jobs in the UK (Guardian 2019). An 
active HVM base in the country helps to develop new product markets, thriving innovation, 
and technologies such as smart factories (Deloitte 2018). HVM benefits the UK because the 
country has a complementary advantage of world-class science and a technology base that are 
knowledge driven, and such knowledge is particularly important for building the 
infrastructure required for HVM. In fact, over the next ten years, advanced manufacturing is 
expected to speed up innovation, and enable new business models and technologies, thereby 
boosting UK manufacturing output by £455 billion, creating 175,000 new jobs while 
reducing CO2 emissions by 4.5% (HVM Catapult 2018). The HVM industry also tends to 
produce spillover benefits across intra-sectorial or cross-industry as firms learn to obtain 
supplementary or complementary benefits from the innovation and developmental activities 
from their competitors. These activities include borrowing products or ideas, and concepts 
stimulated by developments related to similar products or technologies (Bednyagin and 
Gnansounou 2012). Furthermore, the impending ‘Brexit’ could generate opportunities for the 
UK’s HVM sector by developing the domestic supply chain further, especially its innovation 
capabilities. 
Naturally, firms should opt for the remote outsourcing/offshoring strategy only when 
the advantages outweigh the drawbacks. In line with this, indeed we find that currently one of 
the main mitigation strategies for SpaceCo is reshoring. In order to mitigate disturbances, 
SpaceCo considers the total cost of acquisition, including the hidden costs of distant 
operations. Labour costs may be not be such an important factor in manufacturing, such as 
HVM, due to existing automation or potential for more large-scale automated manufacturing 
(Tate et al. 2014). Thus, this calculation method is dynamic; for example, if a manufacturing 
process previously required a high level of manual input but now can be largely automated, 
the cost focus shifts to the cost of capital as opposed to labour rates. Perhaps the most 
interesting mitigation strategy adopted by SpaceCo was that of building clusters in low-cost 
locations to support its regional hub. The firm develops local supply bases in emerging 
markets by partnering with its existing suppliers in developed countries, which preserves 
intellectual property and reduces disturbances. 
6.2 Managerial implications, limitations and future research 
Results from this study inform managerial practice in several important ways. First, HVM 
firms can benefit from a process that will allow them to rank and compare supply chain 
disturbances amongst its internally facing and externally facing managers and thus 
appropriately consider the disturbances without predispositions. For instance, our results 
show that internally facing managers perceive supply chain disturbances to be less than do 
externally facing managers when the sourcing strategy is outsourcing/offshoring remotely. 
This is probably because externally facing managers – who have increased level of ownership 
of the supply chain – have a more realistic view of the disturbances associated with more 
dispersed and complex supply chains. Second, using AHP to quantify firm-related, network-
related and location-related disturbances, we develop a comprehensive framework which can 
be utilised (with slight modifications) in other industries. Third, only by understanding how 
supply chain disturbances are perceived and prioritised by supply chain and product-level 
managers can firms take proactive measures for assessing the significance of these 
disturbance factors and focusing organisational resources to mitigate them. 
 Even though our study has important managerial implications, it is subject to 
limitations. For example, as this research is an exploratory single case study, one of the 
limitations is generalisability. However, it can be argued that the framework (Figure 5) and 
the mathematical model (Section 4.5) developed from this study relating to categorisation of 
supply chain disturbance factors is broad and can be utilised by different organisations 
regardless of what sector they operate in. We also highlight mitigation strategies for dealing 
with these disturbance factors, which can be applied to different types of risks and 
uncertainties and thus are generic, at least to an extent. Nonetheless, further studies are 
required to test these disturbance factors and explore whether they are generalisable to a 
wider context using other methodological approaches such as a large survey. To add 
generality to the disturbance factors, future research could investigate if the prioritisation of 
disturbance factors is replicable at different points of the supply chain (e.g. tier 1 and tier 2 
suppliers). Furthermore, our model could serve as a pathway for future researchers for 
developing a more complex model with complicated characteristics representing realistic 
nature, which could be stochastic based on probabilistic distributions such as Poisson, 
exponential and normal. An extension of this research could be to develop a dyadic supply 
chain risk disturbance framework, incorporating the perspectives of suppliers. Another rich 
avenue for future investigation would be to focus on the effectiveness of disturbance 
mitigation strategies in HVM or similar firms. 
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Table 1: Respondent and Interviewee Profile 



















30-40 Three 1-hour 
meetings over 9 
months 








40-50 Nine 1-hour 
meetings over 23 
months 








40-50 Two 1-hour 
meetings over 2 
months 












30-40 Two 1-hour 
meetings over 2 
months 











40-50 Five 1-hour 
meetings over 7 
months 














40-50 One 1-hour 
meeting 










30-40 Email exchanges 
 
Table 2: Priority comparison of firm related disturbance factors   

















      
Control disturbances 39.3% 11.8%  19.8% 4.1% 
Break in information 
flow 
9.8% (3=4) 2.0% (7)  3.8% (5) 0.7% (8) 
Difficulty in order 
processing 
29.5 % (2) 9.8% (3=4)  16.0% (2) 3.4% (7) 
    
Process disturbances 39.4% 9.4%  64.3% 11.9% 
Quality defects 6.6% (6) 1.8% (8)  14.3% (3) 3.6% (6) 
Unforeseen and random 
interruptions 
32.8% (1) 7.6% (5)  50.0% (1) 8.3% (4) 
      
Total 78.7% 21.3%  84.0% 16.0% 
Note: The rankings of the factors for each group of Manager is given in parentheses 
 
Table 3: Priority comparison of network-related disturbance factors  

















      
External Control 
disturbances 
57.0% 19.05  66.0% 16.4% 
Mismatch between market 
demand and supplier 
responsiveness 
10.8% (4) 3.6% (6)  12.6% (3) 3.0% (6) 
Communication problems 46.2% (1) 15.4% (3)  53.4% (1) 13.4% (2) 
    
External supply 
disturbances 
19.0% 5%  13.9% 3.8% 
Mismatched inventory 
levels 
2.9% (7) 1.3% (8)  2.3% (7) 0.7% (8) 
Untimely delivery of 
products 
16.1% (2) 3.7% (5)  11.6% (4) 3.1% (5)  
      
Total 76.0% 24.0%  79.9% 20.1% 
Note: The rankings of the factors for each group of Manager is given in parentheses 
 
 
Table 4: Priority comparison of location-related disturbance factors  

















      
Environmental disturbances 30.4% 6.5%  16.4% 2.6% 
Disparity in national cultures 8.6% (4=5) 2.4% (10)  4.5% (5) 0.9% (11) 
Geopolitical factors 17.2% (2) 3.4% (8=9)  9.3% (4) 1.4% (9) 
Regulatory and policy factors 1.2% (11) 0.2% (14)  0.8% (12) 0.1% (14) 
Infringement of IPR 3.4% (8=9) 0.5% (13)  1.8% (8) 0.2% (13) 
    
Physical disturbances 48.7% 14.4%  65.6% 15.4% 
Hidden costs  30.9% (1) 8.6% (4=5)  45.4% (1) 10.1% (3) 
Infrastructure 14.0% (3) 4.7% (6)  15.8% (2) 4.2% (7) 
Labour force 3.8% (7) 1.1% (12)  4.4% (6) 1.1% (10) 
      
Total 79.2% 20.8%  82.0% 18.0% 












Table 5: Comparison of overall weights of firm-, network- and location-related disturbance 







Firm-related    
Outsource/Offshore (Asia) 78.7% 84.0% 
Insource/Nearshore Outsource (Europe) 21.3% 16.0% 
   
Network-related    
Outsource/Offshore (Asia) 76.0% 79.9% 
Insource/Nearshore Outsource (Europe) 24.0% 20.1% 
   
Location-related    
Outsource/Offshore (Asia) 79.2% 82.0% 
Insource/Nearshore Outsource (Europe) 20.8% 18.0% 
   
Preferred Sourcing decision:   
Outsource/Offshore (Asia) 20.9% 15.7% 
Insource/Nearshore Outsource (Europe) 79.1% 84.3% 
 
Table 6: Effect of disturbance factors on outsourcing strategies 












































































































Figure 5: Supply Chain Disturbance and Mitigation Framework for HVM Firms 
 
 
 
